Mining stimulates environmental and economic impacts on the neighboring community right from the inception to the closure of its operations. The society in the neighborhood of mining gradually adopts a characteristic life-style that is highly influenced by the mining. In order to sustain the societal development beyond the mine closure, it is necessary to plan post mining activities in the area. Thus, it is essential to predict the impacts of mine closure well before the closure. Many societal and family attributes are affected by mine closure. Impact on these attributes is reflected on the overall quality of life of the neighboring community. There are no adequate indicators and/or methodology available to measure social impacts of mine closure on a neighboring community. This paper made an attempt to develop such methodology to predict the degree of adverse effects of mine closure on the quality of life of neighboring communities using the Structural Equation Modeling (SEM) and the Latent Variables Interaction Model (LVM).
Introduction
Mining is a temporary business and every mining operation is bound to face closure due to resource exhaustion or change in the economics of mining. In some cases, mining may only be suspended for a period of time and the project is placed under care and maintenance. Mine closure ultimately determines what is left behind as a benefit or legacy for future generations. It is important that mine closure is undertaken in a planned and effective manner to avoid hazards and pollution in the future. Unplanned mine closure is associated with safety, environmental and social risks. Such an event can significantly increase the post closure liabilities and economic burden on the mining company as well as on the government [1] .
Mine closure is a complex issue involving numerous interrelated parameters and influencing factors. These include environment, socio-economics, sale of equipment and assets, water and waste management, etc. Of all the issues, managing the environmental impacts of mining and rehabilitation of mine land after mine closure have been major concerns for governments and mining companies [2] . In most of the countries, mining companies are required to prepare rehabilitation and reclamation plans before starting of mining operations and require financial surety to ensure reclamation [3] - [5] . In some situations, special funding mechanisms are also developed to clear up abandoned mine sites [6] [7] . However, such stringent regulations have not been imposed to address the local social and economic impacts of mine closure. Most of the companies, governments and countries are now recognising that mine closure is much more than the stopping production and decommissioning of the mine. It is increasingly becoming clear that the socio-economic issues of mine closure and the impacts on workers and their families, communities, and the local economy must also be addressed.
Background

Socio Economic Impacts of Mine Closure
Each stage of mining is associated with specific environmental and social impacts, which are often significant after the closure. At the development stage, mining brings a sudden change in the social structure and supply/ demand scenarios. If a mineral deposit is found below grown-up areas, the mining project calls for rehabilitation of the project affected people (PAP). The site-specific characteristics of mining industry may force the community for relocation. During opening of a mine a large influx of population put strain on the existing services and business structure. Services and infrastructure such as power, sewage and housing are developed to meet increased population which often increase tax burden on the community [8] .
On the other hand the impact of mine closure on the community is often severe. Mine closure may result in a sharp decline in their standard of living. Such experiences frequently induce anxiety and stress. The demoralizing effects of mine closure on the wider mining communities are evident in the deterioration of the physical environment, control over young people and participation in the community life. Mine closure brings the loss of community facilities such as recreation grounds and the withdrawal of a range of informal services such as housing maintenance and emergency services, which were provided by the mine management [9] . shows impacts at different phases of mining on social and natural environment.
Mining industry plays a major role in the diversified economy of the mining area by providing income, employment and services. In such a context, mine closure will have significant impact on the well-being of the community. Such impacts are exacerbated in developing countries, where alternative economic activities may be more limited, and local government and communities often lack the capacity needed to help and structure a development process that would provide suitable alternatives. In most cases, the community and the mine have developed an interdependent relationship, in terms of employment, services, infrastructure, environment, taxes and royalties. The level of this integration depends on various factors, including the age and location of the mine, the company's approach to the community and region, government policies, and the structure of the local and regional economy. Thus, minimizing mine closure impacts on the community is a complex process and demands participation of different stake holders. It is now established that trilateral consultations are very important to develop effective mine closure program.
In most of the mining regions, a major portion of government tax revenue comes from mining. Thus, there is a natural question that after the mine closure will the government be able to maintain the same level of income. Mine closure may leave a severe impact on the government's ability to sustain its services to its constituents. Similarly, mining communities that received direct income from the mine will see a sharp decline in their income. Thus, it is very important for governments and communities to understand and plan for the eventuality of mine closure. There is a great need to develop non-mining activities and other productive assets in every mining region that will last beyond the life of the mine and generate income for future generations. At the same time, it is typically not possible to replace the economic benefits of the mine completely; major adjustments will likely be required. Figure 2 shows the impacts network of mine closure which shows that there is a perpetual loop which makes the impacts a never ending phenomenon.
In a mining life cycle the issue of mine closure is very crucial and important because the post closure impacts of unplanned closing of a mine are severe for the natural environment and the community [1] . Past abandoned mining sites continue to pose potential threat to human safety, health and environment [10] . The main causes of all the above impacts are loss of employment, labor migration, discontinued service and facilities, loss of community cohesiveness and environmental degradation [9] , which have close relation with Quality of Life (QOL) of the communities. Current evidences have suggested that the demographic variables, environmental characteristics, health, leisure, etc. are the potential factors influencing quality of life of the people. There are also other factors such as age, gender, socio-economic status that influence the QOL [11] [12].
Quality of Life Approach
Over the past two decades, Quality of Life (QOL) study created a great interest among many developed and de veloping nations [13] . Initially, the concept was applied in the field of sociology, but today it is commonly applied to other disciplines such as, health [14] [15], rehabilitation [16] [17] , disability studies [18] (Jones et al., 1996) and social services [19] , but also in medicine [20] , education [21] , environment [22] and others. QOL has emerged with as unique concept of setting the goals for services and assessing their impacts on people's dayto-day lives [23] . Most people accept that QOL is an aim for both individual and group of individuals [24] . Although, it is defined in many ways, its objective is to bring together the developmental change in the individual and their identities, nature of circumstances, life style and finally make the people to live quality lives.
In its efforts towards sustainability, the mining industry has used several environmental and economic indicators to assess its performance [25] [26] . In recent years, QOL assessment has proved to be one of the most attractive approaches for this task. Mining activities improve the QOL of the communities living in the nearby areas, since it contributes more in terms of direct and indirect employment, services, local and national economic development [27] - [30] . Such dependency is not same for all the families in the neighborhood so the impacts of mine closure. The basic questions involved in the present investigation are how does mining influences the quality of life of people living nearby, what is going to happen if mining is ceased and how mine closure decisions influence the wellbeing of the neighboring communities.
Measuring Quality of Life
Prior to the 1970s, traditional objective indicators were used to predict human welfare [31] . However, in the early 1970's, social scientists concluded that quality of life was more than a city's financial position or a country's Gross Domestic Product [32] [33] ). Factors such as personal income, housing, education, health and recreational facilities, and green space were recognized as contributing to quality of life [33] [34] . By late 1970s and into the 1980s, there was a marked shift in how quality of life was defined and measured. Subjective measures were used to mediate the weakness associated with using objective indicators to measure quality of life [35] . Recent reviews suggested both objective and subjective indicators are necessary to measure quality of life [13] [23] [36] [37] .
The subjective nature of quality of life is commonly cited in the health related literature [38] [39]. In contrast, objective factors play an important role in evaluating QOL of city and country level. Objective factors such as income, housing and education impinge on QOL. Lee [40] and Singh & Chand [41] investigated QOL based on wages and housing expenditure, infrastructure, housing.
Both subjective and objective approaches find predominance in QOL measurement. Some researchers used both objective and subjective measures in assessing QOL of mining communities using the economic, social, political, biophysical, biomedical, and spiritual dimensions [33] [36] [37] . Linga and Subramanya [42] , Poston et al. [43] , made a qualitative inquiry into individual family quality of life using both subjective and objective dimensions.
The main purpose of the QOL evaluation is to provide a tool for the community development to monitor the living and working conditions of the people and focus on the community actions to improve their health [44] . Whether we measure the quality of life in terms of subjective variables or objective variables, to improve quality life one has to ameliorate objective variables of the Quality of life. For example one person's subjective response of health is poor; to improve his health one has to search for objective variables which are responsible for his poor health. However, objective measures alone cannot give true picture of QOL [36] [37] . Thus, in order to improve Quality of life of a community or group of people, it is necessary to establish a relationship between subjective and objective QOL dimensions. These dimensions near a mining site vary significantly with the performance of the industry as well as with the phase of the mining operations. In the closing phase the situations may worsen if adequate technical measures are not taken at the planning stage.
Methodology
Framework
The objective of the present work is to develop a quality of life based methodology to quantify societal impacts which would help in mine closure planning. The study attempts to identify the contribution of key socio-economic factors affecting the quality of life of communities living near mining areas. After a thorough review of the available literature it was found that Quality of Life of community depends on number of domains that are having direct, indirect or both type of dependencies on the mining activities. However, these domains or factors cannot be easily quantified. The most appropriate method would be to take a site specific methodology. In this study a valid structured questionnaire was used to collect the information from the families and individuals. Both qualitative and quantitative information was obtained through the sampling in selected study areas. Dependencies of the QOL factors and their interrelationships were evaluated using Structural Equation Modeling (SEM). Latent variables scores obtained from SEM model were used for further testing of changed scenario.
To validate the developed methodology a surface mining site engaged in iron ore was selected and necessary information was collected through responses to a valid questionnaire. The datasets so obtained were subsequently analyzed using the SEM software (LISREL) and possible impacts of mine closure in these two areas were estimated. The overall methodology used for the study is illustrated in Figure 3 .
Latent Variable Scores (LVS) are individual scores on the latent variables in an estimated structural equation model. These can be obtained for any estimated single group LISREL model. Use of LV scores is to investigate various structural models after establishing the measurement models for the observed variables. One can obtain scores for the latent variables in any estimated LISREL model. However, this needs information about both the raw scores and the estimated model. Joreskog [45] proposed a factor analysis (latent variable score) approach for latent variable interaction modeling. Joreskog's approach is subsequently developed by Schumacker [46] . As the factor scores are influenced by measurement error latent variable score approach holds the promise of being easier to implement and can be applied to more complex latent variable interaction models. Latent scores are unbiased estimates for the latent variables; they have the same means and covariance matrix as the latent variables of the model [46] [47].
Conceptual Structural Equation Model
In the last few decades, scientists offered several alternative approaches to measure quality of life using social indicators such as health and levels of crime, subjective well-being and economic indices. Quality of life is a multidimensional concept [19] and associated with many factors, accounting and identifying all the parameters is rather difficult. Considering the objectives of the study, socio-economic influences of mining, QOL model for a community in the neighborhood of mines was conceptualized as shown in Figure 4. 
Results
Study Area and Data Sampling
One iron open cast mining area is selected for validating the developed methodology for assessing societal impacts of mining. The study area contained two large opencast iron mines currently producing around 7.8 million tonnes per year. Entire mining operations have around 692 full-time employees, of which 50% of the employees mainly live in the nearby town and remaining live in villages that are accessible by road from the mine.
The sampling frame for the study included the villages in the core zone of the mining area (5 km distance 
Socioeconomic Profile of the Study Area
Population: The population figure of study area A as per the 2000 census report stands at 9043. The population distribution under the age of 15 was approximately 42%. Sex ratio is 1000 males: 880 Females. 84% families are nuclear type and the concept of joint family system is not prevalent. Religion and caste structure suggesting that the tribal are dominant (68.5%) in most of the villages.
Literacy and Education:
The literacy level in the villages surrounding the study area is very low. The literacy level in the surrounding villages is 32.7% the male literacy rate stands at 38.9% while that of female is 28.5%. Out of a total population of 3145, only 649 males and 421 females were literate mostly at the primary level of education. The educational infrastructure available in these villages is merely to the primary levels. School teachers have not been provided at these government owned schools.
Health and Infrastructure: Health and sanitary conditions in the surrounding villages is rather poor. The facilities available to them from government and other agencies are also poor. Lack of basic awareness further aggravates the problem. Incidences of malaria is the highest amongst all reported diseases including Cold, Diarrhea, Measles, Anemia, Typhoid etc. Night blindness is a cause of concern not only in the slum but also in villages which are deep into the jungles. Health is a major problem where major mining operations are going on and liquor consumption rather high. In addition to the above health problems some seasonal diseases are also prevalent due lack of proper nutrition and deteriorated sanitary conditions. The existing position of health facilities is far from adequate. Block headquarters are far away from the villages. Some of the villages are being supported by Mine management provided mobile van which reaches village on irregular basis. There are some dispensaries available which are run by private mine owners. The villages nearby mine town are being taken care of facilities available in the township itself.
Economy: The economy of the area is heavily depended on forest and the mining activities. Casual labor looks to be the mainstay offered by the mines and Forest department. Agriculture is either neglected or continued at low profile. Quite naturally the economy neither has any focus nor any growth. Variations are quite apparent from village to village due to location variations.
LISREL Analysis of the Proposed Model
The above conceptual structural equation model (SEM) was executed using LISREL Ver. 7.2 software. The re- Trade and commerce workers  21  2  1  3  1  1  2  31   8  Transportation, storage and communication  workers  3  0  0  0  0  0  0  3   9  Other services  94  9  2  10  2  2  6  125   Total  168  18  5  19  5  5  12  232 sults of the run indicated that the proposed model was good. The χ 2 statistic obtained for the model was 254.63 (df = 128, p < 0.001), which seemed to suggest not an adequate fit of the model. However, other indicators indicated much more favorable results. For example RMR = 0.051; standardized RMR = 0.042; GFI = 0.928; adjusted GFI = 0.90; CFI = 0.981. Table 2 shows the statistics obtained through the run.
The reason the χ 2 statistic appeared not to support the model was likely caused by the large sample size (N = 231) used in the analysis. Since statistical power is a function of sample size, this means that the larger the sample size, the more likely it is that the χ 2 statistic will suggest that the model be rejected. Therefore, in general, the χ 2 statistic is not a good model fit indicator when the sample size is greater than 200 [48] . Although the χ 2 statistic is reported here, the other statistical tests are more reliable, considering the large sample size used in this study. Table 3 shows the effects sample size has on the significance of χ 2 values. As the sample size is reduced, the χ 2 value becomes significant. The Critical N value indicates that the sample size would have to be reduced to 140 before a significant χ 2 would be generated by hypothesized model. The estimated standardized coefficients for the hypothesized model (shown in Table 4 and Figure 5 ) indicate that all of the paths in the model are significant at 0.05 level, with the exception of the following two paths: 1) From the social contacts to the personal education.
2) From housing to quality of life. Nevertheless, the overall model fit is very strong and changes in the paths and removing non-significant path did not bring any model improvement. . These interactions improved the model R 2 significantly in prediction of contacts, educational facilities and health facility. However, non-significant interactions were removed from the model. It can be observed from the interaction modeling equations that, all models have regression coefficient above 0.80, except modeling equation for education whose regression coefficient was 0.626. This indicates that except education all other latent variables are well predicted by the respective observed variables. Error statistics for the predicted latent variables through latent variable modeling is show in Table 5 . †  21  22  23  24  21  22†   †   †  22  23  23  24  23  24  21  21  22  23 
Latent Variable Interaction Modeling
Interaction between independent observed variables and exogenous latent variables
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Impact Analysis
Impact on the quality of life due to direct income was evaluated by recalculating the monthly income (Independent manifest variable for the wealth construct) of the families after subtracting the income derived from mining.
Modified monthly income had taken as an input to the latent variable model (LVM) derived in the previous section to calculate the quality of life. The percentage of change in the quality of life (village wise) has been shown in Figure 6 . This shows the impact on the people who directly draw income from mining company in the form of their monthly salaries. However, the benefits that may be received from the mining company after mine closure is not considered in the evaluation the impact.
To derive the impact of loss of indirect income from mining, it was assumed that 50% of the income will be lost due to mine closure. Impact was evaluated by recalculating the monthly income of the families by subtracting the 50% of the indirect mining depended income. Similarly, modified monthly income was taken as an input to the latent variable model (LVM) derived in the previous section to calculate the quality of life. Figure 7 shows the impact on the people who indirectly depend on mining for their monthly income. For example: businessmen, daily labors and temporary workers in the mines, domestic workers etc. The percentage of change in the quality of life (village wise) has been shown in Figure 7 .
Impact of health facilities on QOL is derived by replacing health facilities variable values (No. of physicians, No. of beds and distance) by the health facilities that will remain after closure (assumed that government provided health facilities and other private health facilities will remain after closure). Figure 8 suggests that closing of health facilities have significant impact similar to impact due to loss of income.
Impact of education facilities on QOL is derived by replacing the values of variables affecting educational facilities (student-teacher ratio, maximum class level, teacher's education level, distance) by the educational facilities that will remain after closure (assumed that government provided educational facilities and other private educational facilities will remain after closure also). From Figure 9 it can be observed that the impact of educational facilities on the quality of life is not as significant as heath facilities and income.
Impact on QOL due to emigration was derived by subtracting the number of migrated family friends from present family friends. Impact due loss of contact is not as much as impact due to other parameters. Figure 10 shows the impact on QOL of the communities due to emigration.
Discussion
The findings of this study reveals that mine closure has a significant impact on the quality of life of the nearby comminutes. This is established through structural equation modeling and latent variable modeling based on previous research which had demonstrated that satisfaction with life in general could be predicted by objective life status. Structural equation modeling was used to propose and test a good fit model for evaluating impacts of mine closure on the neighboring communities. This was done by examining the effects of income, health and education facilities, inter-family relations on housing, health, education and finally on quality of life of communities living nearby mining area.
The findings from the present study establish that QOL is significantly affected by certain mining dependent parameters such as income, health and educational facilities, social contacts, etc. It was found that personal wealth is a very important element in the maintenance of subjective quality of life. Wealth resources has significant contribution in predicting QOL ( ) < in improving health of the communities and family health has significant contribution in improving quality of life, hence health facilities directly as well as indirectly brings a significant change in quality of life. Number of physicians and number beds are appear to be good predictors of health facilities than distance from the community, possibly because people prefer better health facilities even at a greater distance. The "γ" and "p" values obtained to assess the impacts of educational facilities on personal education reveal that education facilities have little influence on quality of life. Most of the villages in the study area have elementary schools and high schools which are maintained by the government. However, most of the people are illiterates due to lack of educational awareness. This may be the reason for little influence of education facilities on education. Teacher-student ratio, education level of teacher and class size are emerged as good predictors of educational facilities than the distance of the educational facilities from the residence.
The developed model suggests that interfamily relations have significant contribution to the quality of life (γ = 0.02, p < 0.05). These effects are significant both direct and indirect paths through health. However, it is well documented that more interaction with other families and helping each other improves the QOL. Interfamily relations does not have significant influence on the education. This is attributed to lack of educational awareness amongst families.
Conclusions
It is evident from the study that exploring alternate economic arrangements should be the primary concern during mine closure planning in the study areas. From the model it was noticed that satisfaction with life in general was confirmed to be significantly predicted (at 0.05 significance level) by objective factors such as personal income, health, education, service and facilities, etc. A linear relationship was revealed between objective quality of life status and subjective quality of life satisfaction. The results of this study suggest that identification of proactive factors that influence the QOL of the communities nearby mining area provide useful information for mine closure planners to minimize the post closure social impacts.
As noticed earlier that quality of life associated with many factors. In the present study the major factors which were directly influenced by mine closure in previous case studies were considered. According to the literature, the subjective response of the QOL/Wellbeing depends on the nature of neighborhood environment, so the present model will be used only to predict the social impacts of two mines from which data has been collected. In measuring health status, long term illness or diseases and physical disabilities were considered. Short term illness and psychological health which change with time were not considered in the present study. Although some factors were addressed in the literature as potential factors of QOL, they were not considered because they were beyond the scope of the study. This study has assumed that no significant physical or chemical environmental problem would exist after mine closure.
